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The Finite Element Analysis Program (FEAP) was modified and

integrated with the Vaval Postgraduate School version of the

Computer Analysis Language (CAL-NPS). This enables the

solution of linear and non-linear, two and three dimensional

heat conduction problems in an interactive mode. The usual

types of boundary conditions, including radiation, may be

specified. The heat conduction group includes prompts for

user supplied data. Several existing CAL-VPS commands were

improved and a "HELPw facility was added. Commands were

added for visual display of the finite element mesh at

graphics terminals. The User Guide for thiq expanded

version of CAL-UPS is provided.
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I. INTRODUCTION

A. GENERAL DESCRIPTION

Since the implementation of the Finite Element Analysis

Program (hereafter refered to as FEAP) at the Naval

Postgraduate School, it has had only limited use. It is now
available to general SPS users in an interactive form

through the IBM 3033 VN/VS time sharing system. The data

management and user interactive command structures were
established within the -existing interactive program,

Computer Analysis Language (CAL). This integration of

systems provides the ability to solve linear and nonlinear,
steady and unsteady, two and three dimensional heat conduc-

tion problems involving temperature dependent thermophysical

properties and complicated radiation/convection boundary

con ditions.

Additional capability was provided to CAL system users

both in changes to existing subroutine groups and in the

addition of a new graphics group with its attendant command
structure. The graphics functions enable the user to plot

two- and three- dimensional structural and heat transfer

meshes. Another new facility is the 9ELP operation which

allows a user experiencing trouble with a particular opera-

tion to interactively obtain assistance.

B. HISTORICAL BACKGROUND

The original CAL program was developed by Professor E.

L. Wilson of the University of California in 1977 (Ref. 1].

It was later adapted and modified for use at the Naval

Postgraduate School by LCDR L. B. Elliot [Ref. 2]. The FEAP
program was written by Professor R. L. Taylor of the

10



University of California [Ref. 3] in 1977. implementation

of FRIP at Naval Postgraduate School was done by LT J. M.

Bettencourt CRef. 4 ].

C. OBJECTIVES

The objectives of the author's work have been to:

1. integrate the data management system of FEAP with CAL

to create an interactive conduction heat transfer

problem solving system;

2. modify existing operations to extend their useful-

ness;

3. add operations to extend the capabilities of the

program to include graphics;

4. create a HELP facility;

5. create a USER'S MANUAL to facilitate use of this

program.

)1



II. ORGANIZATION OF BEA TRANSFER GROUP

This chapter provides a general overview of the organi-

zation of the Beat Transfer Group of CAL. It is intended to

provide sufficient information to permit users to operate

the CAL heat transfer package.
The execution of the program is flexible and controlled

by user selection of operations in a logical sequence from

the commands that are available. There are two broad

categories of operations, data input and problem solution.

A. DATA INPUT
i I. In~t aliaio~n

The heat transfer group performs matrix creation and

manipulation automatically. As the problem progresses,

arrays are created, altered and deleted under program

control. Through the HTXFR operation the user provides
sufficient information to establish the initial arrays for

data input and problem solution. The number of nodes,
number of elements, number of material sets, spatial dimen-
sion. number of degrees of freedom per node and the maximum
number of nodes per element are required. For heat transfer

problems the number of degrees of freedom per node is always
one. The option to assign a higher number is available

because the equation solvers in this program are applicable

to other fields of which future work may make use.

2. Io4al goordinates

Nodal coordinates are input via the COORD operation.

This operation has built in node generation capability. By

specifying an initial point and a node generation vector,

12



the user may easily input large meshes. Coordinate system

conversion is also available. Coordinates may be input in

the Cartesian system, the cylindrical system with any one of

the three axes longitudinal, the spherical system or any

combination of the above systems, All coordinates are

converted to Cartesian coordinates for use with CAL.

3. Eleuen ConnUix j

The ELCON operation inputs the element connectivity

data. Here again is a generation capability. The user may

specify the connectivity for one element and a generation
vector to create additional rows.

?or the two-dimensional elements the user may

specify a 4 to 9 node isoparametric element. There is an 8
to 21 node isoparametric element for three-dimensional

elements. Both of these elements must follow the numbering
convention shown in Appendix A.

The required amount of material property information

varies from problem to problem. The PROP operation prompts
the user for the information required to solve the problem

at hand. At a minimum the material's conductivity (k),

specific heat (c), specific mass (rho),heat generation per

unit volume (q'@') and the geometry type (plane or axisyme-
tric) must be specified in a consistent system of units.

Appendix A includes examples of consistent systems.
The user also inputs the number of Gaussian points

per direction for quadrature and codes for temperature
dependent properties and boundary conditions. The codes

indicate other information required. Temperature dependent

properties are input as tables and linear interpolation is

used to determine the property value at a given temperature.
Boundary conditions are specified as shown in Appendix A.

13



If an exterior boundary Line or surface condition is not

specified, it is assumed to be insulated.

5. Tntn' ! F_ _

For problems requiring certain nodes to be at
constant temperature, the CTEEP operation is available.
This operation may also be used during the solution stage of
the problem to provide step changes at previously specified

constant temperature nodes. Because this operation gener-

ates an array used in profiling the solution equations, the
user may not change the node numbers that were established
as constant constant temperature nodes after execution of
the PRO? operation. The temperatures of these nodes,
however, may be changed.

6. Iqatiiu Lrof il

The PROF operation establishes the equation profile
for problem solution. Prior to the execution of this opera-
tion, any data input may be changed by specifying the appro-

priate operation and re-entering the data. After its execu-
tion the user may not change the nodes designated as
constant temperature nodes to temperature varying nodes or
vice versa. The user may change the value of the constant

ten peratures.

B. SOLUTIOE

The matrix formulation of the heat transfer problem as

discussed in Reference 4 is:

I K Ic]() + CF C I01 (1)

where (K) represents the conductivity matrix, (C) represents

the heat capacity matrix, (F) represents the flux vector e.nd

(T) represents the temperature vector. The derivative of
(T) with respect to time is (t). The flux vector includes

114J



heat generated per unit volume and boundary fluxes as speci-

fied for qiven boundary surfaces. This is a fully general-

ized formulation, including non-linearities, since the

matrices CK] and CC] and the vector (F) can be temperature

dep en dent.

For heat transfer problems, which involve only one

degree of freedom per node, the conductivity matrix, (K],

will always be symmetric. The capability for generating
unsymetric matrices was provided, but will only be appli-

cable when additional types of problems are programmed into
the CAL system. The command for the unsymmetric conduc-

tivity matrix formulation is USYMC.

The heat capacity matrix, [C], used in time depen-

dent problems, can be generated with either CCAP or LCAP.
To form a consistent capacitance approximation use the oper-

ation CCAP. A lumped capacitance approximation is formed

using the LCAP operation.

3. Zuojm 2. r,1u1 Vecto

To complete the problem formulation, the flux

vector, (F), must be generated. The FORM operation forms
the flux vector taking into account the internal heat gener-

ation and boundary surface fluxes as indicated in the PROP

operation.

4. L"j±o Solving

Once the time independent problem is formulated, the
temperature vector, (T), is calculated by the CALC opera-

tion. Time dependent problems do not use this operation,
but rather the ordinary differential equation solver.

15



5. ZJ~ QX~lE Q=in~t PJIIRI Egjati2j Solver

The first order ordinary differential equation

solver is accessed with the ODE operator. It employs the

Zienkiewicz two- and three-level schemes (Ref. 4, 5].

In addition to the time step size change using the

DTIM operation, an optional automatic time step adjustment

is incorporated in the ODE operation. The norm of the

difference between temperature vectors at two consecutive

times is computed at each step. If the norm is less than a

user specified maximum temperature difference, the time step

is doubled before going to the next step. If the norm is

greater than a user supplied minimum temperature difference,

the time step is halved and calculation for that time step

is repeated until the norm is acceptable. If the tempera-

ture differences are specified as zero, no time step adjust-

ment will be performed.

The user specifies cne of three functions which are
performed by the ODE operation. A second operation name,

which must be separated by a comma, follows ODE. The

options are INIT, LINE or QUAD.
The operation ODE,INIT is used to input the integra-

tion constants theta, beta and gamma (Ref. 5], the maximum

and minimum temperature differences for the automatic time

step adjustment and the initial temperature vector. No time

integration is performed by this instruction.
ODE,LINE performs the two point scheme and the

current temperature vector is substituted by the newly

calculated temperature vector.

The ODE,QUAD operation is similr to the ODELINE

operation but uses the three point scheme.

6. RK=~ 2a1 lLeM e

Once the temperature vector has been updated, the

PTEMP operation prints the temperatures in node number

order.
16



III. ORGANIZATIOI OF GRAPHICS GROUP

The graphics group is capable of displaying meshes

either on the IBN 3277 dual screen terminal system or any

PLOT-1O coapatible terminal. It is initiated through the

use of the GRAPH operation by which the user specifies the

type of graphics terminal in use.

A. TITLE

The TITLE operation is used to title the mesh being

displayed. The user may input up to three lines of fifteen

characters for the title. This operation must be specified

imediately prior to the displaying operation.

This operation calls the USRIN subroutine which reads

from the teruinal three lines of characters. A flag (IPLAG)

is set to indicate a title is to be printed.

B. BEAT TRANSPER ME5

The PLHX operation locates the heat transfer coordinate

and connectivity arrays and displays the mesh. The viewing

area is optimized so the Longest dimension is full screen.

The maximum and minimum coordinate values for each direction

are displayed. This operation displays two- and three-

dimensional meshes. If the mesh is three-dimensional, the

user must specify the viewing plane.

This operation calls either the FPPLOT (2-D) or FP3PLT

(3-D) subroutine. These subroutines scan the coordinate

arrays for maximum and minimum values and initialize the

graphics screens. They both use subroutine 501 to set the
virtual window, set the screen window and draw a box around

the plotting area. The standard element connectivity is

17
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stored in an array which is used in conjunction with the

user's element connectivity matrix t- draw the elements line
by line. The center node is plotted using a "+" symbol.

The user's title is plotted (if IFLAG is not 0) by subrou-

tine USRTIT, which then resets IFLkG. The maximum and
minimum values of the vertical and horizontal coordinates

are printed by SCRDAT. Subroutine SCRDkT also indicates axis

orientation. Prior to terminating the screen graphics,

subroutine TITLE is used to write the title box identifying
the type of mesh being displayed.

C. STRUCTURAL NESH

The PLST operation displays the structural system speci-

fied by user supplied coordinate and connectivity arrays.

The viewing area is optimized as lescribed for the PLHX
operation. Likewise, the user may specify the viewing plane
as either the X-Y, !-Z or X-Z plane.

This operation calls the CLPLOT subroutine. CLPLOT uses

the same logic and subroutines as FPPLOT. The difference
between the two subroutines is in the method of storage of
the coordinate arrays and the connectivity matrix.

18



IV. CHANGES TO EISTING GROUPS

Modifications were made in several existing subroutine

groups to make their operations more versatile. One utility

subroutine was improved and one was added.

The changes that were made are sensitive to prior
versions of CAL. The same results are obtained for previ-
ously existing operation commands. No files used with other
editions of CIL need to be modified to operate with this

program.

A. UTILITY SUBROBTIES

1. 1gbrogline 4JCR

Subroutine RCARD reads and interprets the operation

commands. An operation command has the form
OP,ff1,M2,H3,M4,M5,81, N2,N3, N4

where OP is the operation name , HI to M5 are matrix names

and N1 to N4 are integers. Previously, NI to N4 had to be
values greater than or equal to zero. The symbol/state

logic matrix and subsequent action codes were modified to
allow users to input negative integer values.

This is important, for the ZERO operation which
enables users to create matrices with a given value in the
diagonal locations and another value in the off diagonal
locations. Prior to this change, a user desiring to create

such a matrix with negative values had to input the matrix

row by row.

Subroutine FRTCMX is a new utility subroutine which

allows the CAL program to invoke most CP/CMS commands.

19
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After the invoked command is executed, control returns to

CAL.

It is presently used in tie SAVE and RESUME opera-

tions to invoke the CNS command

FILEDEF WSAVE DISK 81 SAVE (RECFM VS LRECL 7290

BLKSIZE 7294)

where ISAVE is a logical unit number assigned to the SAVE
and RESUME operations and M I is a user input file name.

B. GROUP I

The save operation creates a file on the user's

A-disk containing all arrays in storage at the time of

issuance. Previously the entire 100,000 word main array was

stored, regardless of how many words were actually being
used. It was always stored under the name FILE 02,

preventing the user from saving more than one problem.

The method of storing the array was changed to store
just the number of locations actually being used. More than

one problem may be saved because the subroutine FRTCMX was
used to create a SAVE file with a name assigned by the user.

If a name is not specified FILE 02 will be the name of the

saved problem.

2. OpsflR O qeration

The RESUME operation reads a saved file into memory.

It was altered to read named files saved by the new SAVE

operation. If a name is not specified FILE 02 will be read.

3. LQADoverZati

The LOADI operation loads integer arrays. The arays

were input row by row. The option to generate arrays was

added. The user may specify one row and a row generation

20



vector. The number of rows specified will be automatically

generated. This operation was moved from the static anal-
ysis subroutine group to the general matrix command group.

4. j Qp~erL Uon

The PRINT operation prints an array in matrix

format. Previously it could only print arrays containing

real numbers, resulting in the erroneous printing of arrays

containing integers. The user may now specifiy whether the

array to be printed contains real or integer values.

The HELP operation was added to the general command group

and provides the user with information on the use of all the

available operations. It accesses a file of instructions,

sorts through them to find the desired operation and

displays the appropriate information on the screen.

C. GROUP 2

1. J2DE_ Iertigg

The NODES operation creates the matrix of nodal

coordinates for a structural problem. This information was

entered in cartesian coordinates, nole by node.
The user may now opt to enter data in cartesian,

cylindrical (any axis longitudinal) or spherical coordi-

nates. It will be converted to the cartesian coordinate
system used by CAL. Additionally, the user may generate new

nodes by specifying one node and a node generation vector.

21



V. SOLUTION OF CONDUCTION BEAT TRANSFER PROBLEMS

In order to solve a conduction heat transfer problem,

the user must provide the solution algorithm to CAL. A

discussion of the matrix manipulation and equation solving

techniques can be found in Reference 4 . This chapter will

present possible algorithms for solution of this class of

problems.

A. STEADY STATE PROBLEMS

These problems take the form:

[K](T) + (F) = (0) (2)

1. Lin L l~ Qond~gcto Problems

This is the simplest case to consider. After input-

ting mesh data, the user must form the conductivity matrix

[K], (SYNC) and the load vector [F), (FORK). Then the nodal

temperatures must be calculated (CALC) and printed (PTEMP).
Consequently the sequence of solution operations for

this type of problem would be:

SYNC

FOR a

CAL C
PTE MP

2. k~jen-liar ff~ Q~utg Problem

Since the conductivity matrix is time dependent on

temperature, an iterative algorithm must be used. This

requires a looping operation (LOOP, NEXT) around the linear

steady state sequence.

22



The solution operations may be:

LOO P, 31

SYSNC

FOR R
CILC

PTE NP

NEXT

where Ni is the user's guess of the number of iterations
necessary to obtain equilibrium. However, the program main-

tains an internal check on the residuals. When they
decrease below the predefined tolerance (TOL command,

default is 10-'), the looping operation is terminated upon
the subsequent NEXT command.

B. TIRE DEPENDENT PROBLES

These problems involve the full form of equation (1):

(K](T] + [C](t) + (F) (0 (1)

This case requires the solution of a first order
ordinary differential equation (ODE). Additionally a heat

capacity matrix, CC], must be formed (CCAP or LCAP) and a
time step provided (DTIM).

The differential equation solver is accessed using
the operation ODE,31 where Mi is one of the following:

INIT to specify initial temperature vector and
the integration constants

LINE to perform the two-time level algorithm
QUAD to perform the three-time level algorithm

The heat capacity and conductivity matrices are
unchanged in a linear problem and must be placed outside the
loop. The load vector is reformed every time step and the

23



time must be advanced with ADTIM. These operations are

included in the loop.
The sequence of operations to solve a linear tine

dependent problem may be:

DTI N
ODE,INIT

SYNC

CCAP (or LCAP)

LOOP, Ni

FOR N

ODB,LINE (or QUAD)

ADTIM

PTE NP
NEXT

where Ni is the number of time steps the user wants to take.

2. !_ ninea geaj Gojduion Problems

The heat capacity and/or conductivity matrices are

temperature dependent in this class of problem. The temper-

ature dependent matrix (matrices) must appear inside the

looping operation whereas the constant property matrix would

be excluded from the loop.
To solve a fully non-linear problem the following

operation sequence may be used:UTIM

ODEINIT

LOOP, N11
SIN C

CCAP (or LCAP)

FORM

ODE,LINE (or QUAD)

ADTIN

PTE NP

NEXT

where N1 is the number of time steps the user wants to take.

24i



C. BURERICML EXAMPLES

A hollow cylinder with a four inch outer diameter

and a three inch inner diameter was subjected to an axial
forced counvection condition in a wind tunnel by Professor

P. F. Pucci of the Naval Postgraduate School. There were

sixteen one-quai'ter inch wide heating strips equally spaced

over 180 degrees of the outer surface as illustrated in

Figure 1.

The heating strips were maintained at a constant

temperature of 1600 F and measurements of the surface temp-

eratures between the strips were made using teledeltos

paper. The ambient temperature was 600 F. The cylinder was

considered to have a density of 70 lb/ft 3 and a specific

heat of 0.6 BTU/lbmOF. Tests were made with four heat

transfer coefficients (h).

The finite element model took advantage of the

cylinder's symmetry, consisting of one half of a heating
strip plus one half of the interval between strips. The

element mesh,as generated by the PLHX operation, is shown in

Figure 2. The comparison of the model data to the tele-
deltos paper measurements was very favorable and is shown in

Figure 3.

2. =IMu&t . rface emr r al an l_finile Plate

An infinite flat plate was considered as a test

problem (Figure 4). ThR plate was at an initial uniform

temperature greater than the ambient temperature and then

exposed to convection conditions with a constant external
heat transfer coefficient (h).

The approximate solution was obtained using a

Heisler chart. The temperature of the outer wall was
computed at 1 minute, 5 minutes and every 5 minutes there

25



after up to 30 minutes. The comparison between these values

and those generated by CAL was very close and is shown in

Figure 5.
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VI. CONCLUSIONS AND REOKREND&TIONS

The code that was integrated into CAL provides an accu-

rate and reliable means for solving a variety of conduction
heat transfer problems. The system is user friendly both in

prompting for input and detecting errors. The use of the
heat transfer group of commands is encouraged, as well as

efforts to increase its versatility.

while the capabilities of the program are significant,

there is room for improvement. The present version uses
primarily an in-core solution technique, which restricts the

problem size to within the user's virtual machine space.

The capacity to handle larger problems may be increased
through the use of an out of core technique for building and
storing the conductance and capaitance matrices, as well as

equation solving.

The graphics package could be expanded and improved to
provide more information to the user. The plotting of

isoparametric elements needs to include the capability to

generate and plot curved lines. Another desirable capa-

bility is to portray all three axes on the screen with
apparent depth and allow rotation to any desired view. A

capabilty to plot isotherms could be added to enhance the

interpretation of the results.
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APPENDIX A

USER'S GUIDE

This appendix provides details on the use of CAL with

the IBM 3033 computer at NPS. The program as modified at

the Naval Postgraduate School is subsequently referred to as

CAL-NPS. Section A provides the details on the command

structure. Section B is a summary of commands available.

Section C provides the job control language for executing
the program in both the batch and interactive modes at NPS.

Section D contains detailed specifications for each avail-
able comAand. Finally, section E gives direction for

solving larger problems with CAL-NPS. The majority of this

appendix was originally published as Reference 1 . The

author wishes to express- appreciation to Professor Wilson

for permission to use this material.

A. FORK AID RESTRICTION OF THE LANGUAGE

CAL-NPS is an interpretive language which is designed to

manipulate arrays and matrices, to perform standard struc-
tural analysis operations and to perform conduction heat

transfer analysis operations. A CAL-NPS program run

involves t*e reading of the input deck once and executing

the commands designated by the operation cards as they are

encountered. Looping operations allow a sequence of

commands to be executed more than once.

The input deck is composed of operation cards and data
cards. The data cards directly follow each operation card
which requires data (see LOOP operation for exception to

this). The operation card contains the name of the opera-

tion to be executed, names of arrays associated with the
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... .._____. . .. . . .. ....

operation and integer constants. Examples of the general

form of this card are:
OP,Hl,M2,113,Mt4,H5,N,N2,N3,N4 comments

OP El, N1, 12

OP, 1

OP

in which OP is the name of the operation to be executed, Ri

is the name of an array and Ni is an integer. The names of

OP or Hi are one to eight alphabetic or numeric characters

to be selected by the user. The first character of a name

must be alphabetic. The sequence of terms OP, Mi and Ni

must be separated by commas. Characters following a blank

will be printed as comments in the output from the program

ruin.
If an operation attempts to load or generate an array

which previously existed, the program will delete the array

before the execution of the operation. k new array need not

be the same size of the old array which had the same name.
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B. SUMMARY Or COMMANDS

* indicates a significant change or addtion in CAL-WPS

START - Initialize for the next prablem

STOP - Normal termination

No - Temporary suppression of output

YES - Restores output

LABEL - Print comments

READ - Change logical device for input

WRITE - Change logical device for output

TINE - Suppress time printout

SAVE - Interrupt a problem

RESUME - Continue an interrupted problem

LIST - List arrays and. storage used

BELP - Access HELP files

2. -Lad uatri nefined

LOAD - Load user defined real matrix
LOADI - Load user define~d integer matrix

ZERO - Create null or unit matrix
PRINT - Matrix print operation

DUP - Matrix duplication

ADD - atrix addition

SUB - atrix subtraction

MULT - Matrix multiplication

TRAY - Matrix transpose

SCALE - Multiply a matrix by a scalar

SOLVE - Solution of linear equations

DUPSH - Form sub-matrix from large matrix

STOSH - Store sub-matrix in large matrix

DUPDG - Form row matrix from diagonal

STODG - Store row on diagonal
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Aki - Evaluate row maximums

NORM - Evaluate matrix norms

INVEL - Invert each term in matrix

SQREL - Square root of each term in matrix
LOG - Natural log of each term in matrix

PROD - Evaluate product of all terms in a matrix
DELETE - Delete matrix from storage

3. §_L~ anlysis Ulaia

NODES - Input structural joint geoaetry

BOUND - Specify boundary conditions

BEAN - Form 3-D beam stiffness matrix

TRUSS - Form 3-0 truss stiffness matrix

PLANE - Form 3 to 8 node plane stiffness matrix
SLOPE - Form stiffness matrix from slope/deflection eq.

FRAME - Form 2-D frame stiffness matrix

LOADS - Form load vector

ADDS? - Form global stiffness and mass matrices
ADDK - Add element matrix to global matrix
HEMFRC - Calculate element forces from joint displacements

DISPL - Print joint displacements

FORCE - Evaluate and print member forces

FUNG - Generate equal interval time function

STEP - Integrate dynamic equilibrium equations

EIGEN - Evaluate mode shapes and frequencies

DYNAN - Evaluate uncoupled equations of motion by
mode superposition method

PLOT - Line printer plot of joint time history

5. 1&1_t ZTua oR.Utions

HTIFR - Initiate heat transfer problem

COORD - Input nodal coordinates

ELCON - Input element connectivity matrix *
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PROP - Input material property data

CTENP - Input constant temperature node data

PROF - Establish profile of equations

SYNC - Create symmetric conductance matrix

USrNC - Create unsymmetric conductance matrix

LCAP - Create lumped capacitance matrix

CC&P - Create consistent capacitance matrix f

FORK - Create flux vector

CALC - Solve time independent systems of equations *

ODE - Solve time dependent systems of equations

PTEMP - Print nodal temperatures A

TOL - Set solution convergence tolerance

CONV - Perform temperature convergence test

DTIM - Set time step increment

ADTIM - Advance time by one tine step t

PROMPT - Suppress/restore prompts

6. Gr ck±s Operati2

GRAPH - Initiate graphics

TITLE - Label mesh plot

PLHZ - Plot heat transfer mesh

PLST - Plot structural mesh

7. I&2 operations

LOOP - Start of loop

VEXT - End of loop

SKIP - Conditional skip of operations within loop

8. UX viaj f2,Yr I; Sbubr n

USE RA

USERS
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C. ZIRCUTION OF CAL-UPS

For the time sharing (CKS) system at Naval Postgraduate

School, do the fo'.loving:
jUse the standard LOGON procedue)

-link OOP 191 199

ENTER PASSWORD:

_XXXXX (ESAN)

R; T=0.01/0.01 11:09:55

-access 199 C (Note: You must access the "C"

C (199) Ri/O disk)
R; T-0.01/0.01 11:10:04

_cal
ENTER TERMINAL CODE:

I a PLOT-10 Compatible Terminal (GRAPHICS)

2 = IBi 3277 DUAL SCREEN (GRAPHICS)

3 = Any Alpha Numeric Terminal (NO GRAPHICS)

1 (or 2 or 3, as appropriate)

(The computer responds with several lines of procedure)

EXECUTION BEGINS

-... ........ .---------. 0 SECONDS

(You are now under the control of CAL-NPS)

start

**START
(Your own CAL-NPS program is inserted here?

stop

**STOP
R; Tv0.01/0.01 11:12:145

-log (Terminates session)

38

__ __ _ __ _J



D. CAL-BPS COHAND SPECIFICATIONS

CAL-NPS has most of the standard matrix operations

plus some special array operations which are useful in engi-

neering analysis. The following is a list of approximately
32 operations which are used for control and general matrix

manipulation.
A "+" indicates the formation of a new matrix. A

matrix previously defined with the same name will be

deleted. A "-" indicates modification of an existing

matrix.
&2te: Whenever the expression "card" is used it is

meant to also stand for "instruction" in interactive mode.

START

hiQ i eliminates all arrays which were previously
oaaea orgenerated.

STO P

This operation causes normal termination of a CAL-NPS
program.

NO
YES
jhese operations are used to selectively supprss *output

rom CAL-UPS. The NO operation suppresses all printing,
except diagnostics, until the o eration YES is encounterea.
Therefore, in subsequent runs of the same CAL-NPS program
output which was previously correct need not be reprinted il
these cards are inserted in the data deck.

LAB ELN1
This operation will read and print Nicomment cardswhch
olow the operation card. Cluan o e ac ar wi be

interpreted as a standard carriage zontrol symbol (i.e. 0
for double space and 1 fzr skip to the top of the next
page).
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READ, N1

THIS OPERATION IS VALID ONLY WITH THE CP/CMS TIME SHARING
SY$TEM.
Thls operation permits the selection of a user's file or the
terminal as the input file device. The default is the
terminal. If Ni is , subsequent gommands will be read from
FILE FTOFOO1 on the user's A-disk. If Ni is 5, the
terminal will be restored as the input file device. All
disk fies prepared for use with this command should end
with either STOP or READ,5. This command will not be
executed on the MIS (batch) system.

WRITENi

THIS OPERATION IS VALID ONLY WITH THE CP/CMS TIME SHARING
SY$TEN.
This operation permits the selection of a file on the user's
A-disk or the terminal as the output file device. The
default is the terminal and all error messages will be
printed at the terminal regardless of the output file device
selected. If Ni is 8, subsequent ouput will be written into
FILE FT08FO01 on the user's A-disk. If N1 is 6, the
terminal will be restored as the out ut file device. This
command will not be executed on the MVS (batch) system.

TIN E

This operation permits the time printout to be suppressed
withot losq of other out put, A second TIME will restore
the time printout unless t e print output is suppressed with
the NO command.

SAVE or SAVEM or SAVE1 1 ,N

This operation saves all 4rrays in storage at the time of
issuance. Saved arrays w-ll contain all mQdificationg made
since their creation. Ni and Ni are opt onal and if not
included, the arrays will b stored in FILE 02 on the user's
A-disk. The saved files will be assumed to be for general
matrix .anipulation or a structural problem. NI is the file
name (up to six lettersi under which the user wishes to
store tie arrays. The file type will be SAVE. If Ni is 1,
a general matrix manipulation or structural problem is being
saved. If Ni is 2, a heat transfer problem is being saved.

RESUME or RESUME,I or RESUME,M1,N1

This opqration reads a !$ ve ile into memory. Any arras
curren l in storage will le destroved. A file m Ost ha a
been previously created on th 9 user's A-disk using the SAVE
operagion. i and Ni are optional and if not included, FILE
02 will be read. It will be assumed to be a qeneral matrix
manipulation or structural problem. Mil is the file name
assigned to the saved file on the user's A-disk. The file
type must be SAVE. If 4i is 1, a general matrix manipula-
tion or structural problem is being resumed. If Ni is 2, a
heat transfer problem is being resumed.

LIS T
The LIST operation prints the directory information for
arrays in storage and the amount of storage used.
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LOAD,1 N11,12,H3

Ts.oeration will oad in array ofgeal tuabeis tamed 1
Wich as Nl rows ad2 coluns. T e terms of the array
agr punched in row-w4se sqquence on data cards followitg
this operation. 13 is optional. If N3 is zero or blanK,
the cards are punched in(8P10.0) format. If 13 is one, an
additional card which contains the format of the data cardsmus~t preceed thl oata, . or examplei tte dat s tQ be 4
numbers per carc in fild~ widths or15if the addiional card
would contain the followin ifration: (4F15.0}. If N3 is
nine, the data cards will 9eirea'd in free format.

LOkDI,1,N1,N2, N3,N4 or LOADI,,,Nl1.2,,N or
LOADI,I,N1,N2,1N3 or LOADI,M,N11N2 orLOA DI,M1I112,N1, N2,N3, N4

This operation will load an inteqer a-rax named M1 which has
I rowe qnd 2 columns. The terms of twe array are punghed
in row vise sequence on data cards following this operation.
H2,N3 and N4 are optional. If 13 is zero or blank, the data
must be punched in (161 5) format. If 13 is one, an addi-
tional card containing 3he format of the data cards must
follow this operation and preceed the data. For example, if
the d ata is to be 4 numbers per card in field widths of 10,
the additional card would contain: (4110). If N3 is nine,
the data will be read in free format.
If the letters "INCR" are placed in the position of M2, this
operation has an increment generation capability. Data must
be entered as follows:

Item Contents
1 Row number
2 Value 1
3 Value 2
etc.

N2+1 Value N2
N2+2 Generation code

If the generation code is not zero, the next card must
contain the following:

Item Contents
I Row number increment
2 Value 1 increment
3 Value 2 increment
etc.

N2+1 Value N2 increment
N2+2 Last row to be generated

ZERO, Rh, 11,12,13, N4

A real matrx named M1 4 S created ylth 11 ?1o ud .M2
columns. The terms in this matrix i have e Olowing
values:

81(1,1) = N3 I = 1,...N1
91 1, J) = N4 J = 1 1..2

Therefore thIs operation -an Se used to form null or unit
matrices.



PRTI TI1 or PRINT, 11, 1 or PRINT, 81, N1, N2 or
PRINTt 1,NI,N2, 13
this opeation v1i pri t the array named MI in a matrix

ormat. 9 up to eigit coumns per line. N1,12, 13 and N4
are optio.l. 11 is th9 nuiet of comment cards (ol lowing
the opteraton card) w vw. 1 e reaa and printed. b1
defaults to zero. If N2 is includedI the matrix will be
rinted i partitioned form with .N2 columns per ptiOn.

Ues vill have 12*15 + 5 .haracters. f2 defaults to 0,
printing 125 charct rs per line. If Y3 is included and is
greater than zero, inteqer format (16) is used. The default
value is zero and real format (PD1 5.7 is used. The user is
cautioned not to overcome the capacity of the displaying
device in use to avoid wrap around on tne screen.

DUP,M1,52

This operation will form an array named M2 which is iden-tical to the array named 51.

ADD,f 1,M2
Thisoperation will replace matrix H1 with the sum of the
matrices 81 and 2.

SUB,111, 12

This operation will replace matrix Ml with matrix M1 less
matrix 12.

MULT, I1, H2, H3
This operation, enerates a new matrix 53 which is the
prouc t of matr ces M1 and M2, or M = lics2.

TReA N,1, 12
This o erat!on ,nerates a new matrix M2 which is the trans-
pose o? iat ix

SCALE,M1,M2
TIis operation reolaces each term in the matrix named 81
with te term multiplied by the term 52 (,1) of the matrix
named 52.
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SOLVE,91,12,N1,N2 or SOLVE,M1,M2,,ff2 or SOLVEM1,N1,N2 or
SOLVE,fI ,2,Ni or SOLVE, 1,112
If I =.0, this Qperation so ves the m*trix equation =B.
M1 is The name of the matrix and M2 is the name of the B
matrix. matrix k is triangularized and the results, X, are
stored in 82. If V1=1, Matrix A is trianqularized onily.
If NI12 for a given B mqtrix and the . matrix previously
triangularized the B matrix is replaced by the results X
If 11=3j matrix A is replaced by its inverse FOR SYNMTRIC
MATRICES ONLY.
If N2*0 or blank, matrix & is symmetric. If N2 is nonzero
the matrix i is not symmetric.
For symmetric matrices, A is factored into the LDL form.
The diagonal D matrix is stored on the diagonal of A. The
parameter N2 pe;mits the direct solution of non-symmetric
systems of equations. If N2 is not equal to zero, an LUdecomposition of matrx A will be performed. No direct
replacement of M1 by its inverse is available for the non-
symetric case. Instead use the ZERO operation to create
an identity matrix M2 of the same order as MI. The command
JOLVE,11IM2 K2 will then replace the matrix M2 with the

nvere ofttematrix A.

DUPSM,M1,M2,N I, N2,N3, N14

Ths operaion farms p new submatri named 12 with N3_rows
and ,1 columns from the terms withnn the matrix named Ml.
The first term of matrix M2, M2(1 1) will be from row Ni
and column N2 of matrix MI, or m1(NiN.

STOsM,M1,112,N1, N2
This opration stores a subatrix named 32 withij, tge matrij
named . The first term of the submatrix M2 wil be stored
at row N1 and column N2 of matrix MI. The terms within the
area of MI in which M2 is stored will be destroyed.

DUPDGMI,M2

This operation forms a new matrix named M2 from the diagonal
terms of M1.

STODG,M1 ,M2

Jbisocperjtion stores a roy or column matrix named M2 at thedagonal locations of matrix M1.
- - - ----aa a a a- a a a a a a a a a a a a a a a a a a a a a a a a aa----- --- ---

MAX, f 1, M2

This oper4tion forms a column matrix named MI2 in which each
row cottaIns the maximum absolute value o the corresponding
row in matrix Mi. The maximum and its column number is
printed for each row.
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NOR M, 81, M2, N1

If N1 = 0 a row matrix named M2 is foreed in which each
column contains the sum of the absolute values of the corre-
spond ng column of matrix M1. If NI is not equal to 0, a
row matrix named 52 is formed in which each column contains
the square root of the sum of the sq uares of the values of
the corresponding columns of matrix 91.

SQRELM1

This operation replaces each term in the matrix named M1
wIth the square rogt of the term.

LOG ,111

This operation _rglaces each term in the matrix named N1wth te natural 0 ofe term.

PROD, 51,52

This operation forms a 1 x array namej M2 which contains
the product of all terms in thl matrix named M1. The
produet, I is stored as two numbers of the form:

i P*1O*E
in which M2(1) = P and M2(2) = E, the exponent.

DELETE, Ni1

This operation will cause the elimination from storage of
the array named MI.

This operation allow the user to issue C IS commands while
under the control o CAL-NPS. In general a command that
reloads the virtual core will not be allowed. Examples are
FORTH! SCRIPT, XEDIT, any languaqe prccessor, SORT, and
other large system modues such as COPYFILE and OTFIL. NI
is the number of words in the command (1 to 9 are allowedl .
Note that a parenthesis - "1,or 1)" is counted as a word.
All words must be left just iea.

he user will be prompted for each word. Ig this operationuse in an FTOqFQQ1 FILE, each word must be on a eparate
lin e.

.4.4



r =112 ----PS

The purpose of this series of operations is tc form

the total stiffness and diagonal (lumped) mass matrices for

systems of two- or three-dimensional elements. For three-

dimensional analysis there are beam and truss elements

available. For two-dimensional analysis, there is a frame

element, a slope/deflection element for beams, and a 4 to 8

node isoparametric finite element available.
After the creation of an array containing the coor-

dinates of the Joints of the system, the specification of

displacement boundary conditions, the tabulation of material

and section properties, the mass and stiffness matrices are

formed for each structural member and placed in sequence on

low speed storage along with the global equation numbers

which are associated with their stiffness terms. In addi-
tion, the member force-displacement transformation matrices

are formed and stored on a separate low speed storage file

along with the appropriate displacement numbers.
The NODES operation is used to specify or generate

the geometry of the system. The operation BOUND specifies

which Joint displacements exist and assigns internal equa-

tion numbers to these displacements. Therefore, each joint

may have from zero to six displacement degrees of freedom.

Tables of material and section properties for the various
members are loaded and printed as standard arrays of

information.
A special operation, ADDSP, is used for the direct

addition-of element stiffnesses to form the total stiffness

and diagonal mass matrix of the system. The ADDK operation

may be used to add individual elements into the total system

matrices. The LOADS c peration specifies the concentrated

joint loads for all load conditions. After the direc-t solu-
tion for Joint displacements due to static or dynamic loads,
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the nmber forces can be evaluated using the 8EMRC opera-

tion. The DISPL operation is used to print the displace-

ments in joint number order.
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NODS,1,N1 or NODES,LM1,N1,N2

This operation gengrates a? array (N1,3) .named M1 which
contafs the coordinates or a joints in a structural
system. N2 is optional. Data must be entered in free
format as follows:

Item Contents
1 Node nu ber
2 X-coord nate
3 Y-coord nate
4 Z-coordinate

If N2 = 1, there~ii a Joint qeneration and co;dinate system
conversion capability. Data must be entered in free rmat
as follows:

Item Contents
1 Node number
2 X-coordinate
3 Y-coordinate
4 Z-coordinate
5 System type6 Generation code

jystem type refqrs to th system used when nautina he
ata. All coordinates will e converted to th car.esIan

system for use by CAL-NPS.
System type astemn

S C r rtesia
3 CylindricalI Z axis longitudinal
3cylindrical, i axis longitudinal4Cylin~arical, I axis longitudinal
5 Spherical

The input data is the same as above with the following
correspondence:

Y 90z z
If thei eneration code is pot zero, the next card is a
enerai2uvector for the self generation of nodes. It is

formatted as follows:

Item Co tents
1 Node number increment
2 X increment
3 T increment
4 Z increment
5 Last node number to be generated.

It is assumed that the inc-qments pertain to the same system
of reference as the preceea:.,g caryThis operation must be terminate Ly a line of alternating
zeros and blanks.
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BOUND,M 1

This operation specifies the displacements which are nonzero
or the structural system of Joints specified by the NODES

operation. Where:

M1 = Name of oundary condition code array to begenerated.
This oyeration, is foljowe4 by a s ries of cards containing

the following information in tree ormat:

Item Contents
1 Nodq number oor te. fijst. iode in a

series of nodes witn 1 entical
displacement specification.

2 Nodq number f or the last node in the
series.

3 X-translation

4 Y-translation
5 Z-translation

6 X-rotation
7 Y-rotation
8 Z-rotat ion
9 Node nomber increaent used to generate

conditions for add tional nodes.
A translation or rotation equals: (a) zero fo; zero or unde-
fined displacements, or (b) one for nonzero displacements to
be evaluated by other operations.
If a node bounda condition is not specified, all displge-
;ents at that noae are assumed zero. Caras may ie su pp ed
in any order. If node bounda;y conditions are specified
more than once the last definition is used. This sequence
of data must Le terminated by a card of alternating zeros
and blanks.

The selection by the use of wbich nides Jqve tnonio |
isplacuents requires an unerstanding of the direct stIf-

ness procedure. Displacement deqrees of freedom which have
no stiffness associated with -he displacement must be
considered to be undefined since it is not possible to
develop an equilibrium equation for that direction. The
total number of nonzer9 disglacements specified will be thesize of the total stiffne s matrix to be defined by the
ADDSF operation.
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BEAM, M1 112,13, 84
rhis oration calculates the Ilement stiffness, mass and

or ce-ispiacesent transformation matrices for 3-D beam
members. These arrays are stored in sequence on low speed
storage to be used by other operations where:

1 is tke name of the beau _lement group
is the name ot the coordinate array

M3 is the name of the boundary condition array
M4 is the name of the array which contains beam

properties and has been loaded by the standard
matrix LOAD operation

Q .lcardh.reach.bea Th groug beam elemants lustro w i ert n. Theheagroc rs are Punce n tree

for mat, where:

Item Contentts
1 Beam identification number
2 Node number 1
3 Node number J
4 Node number K
5 Beam property number NP

Ti Sseqence of card must be terminated with a card of
2+1-rnaingzeros an~ glanks.

The material and geometric properties for each element are
given in the M4 array in the following order:

54(NP,1) = Axial arga of member, A
M4 (NP,2) = Torsional moment of. intertia, J
M4 NP,3 = Moment of inertia about axis 2, 1
M4 (NP,) = Moment of inertia about axis 3, I
M4 NP,5) = Modulus of elasticity, E
154 NP,6} = Shear modulus, G
M4 NP,7 = Mass per unit length of beam

yhe;e NP is the specific materil property number specifiod
in item 5 of the beam cqrd. The locl sign convention is
given in the following figure.
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TICSS v11 352 ,83, 54

Sis. operation forls the element stiffness, _Dmass and force-splaceoeut transformation matrice~s for 3 truss members.
Tbearrays are stored on loy speed storage in sequence ann
V1.i be used by other structural operations.

is t e name of ttis grogy of truss members
tho nanof a c nas a

E. the name of the boundary condition 1 rray
5 s an NP by 3array of sec$ on proper- es
which NP i the number of different section
properties and

1( 1,1) =The cross-sectional area, A
4 N(P,2= The modulus of e last c ty, .

51(.,3} the mass per unit length of the member.
This matrix can be loaded by the matrix LOaD operation.

is Igeratioltist wkd truss eber in
roe at v 0 n n oruati :

Item ContentsI Truss member identification number
fJoin, number I

Section property number, NP
This operation must be terminated by a card of alternating
zeros and blanks.

This oralion torus the 6 x 6 siffess matrix for thetwo-dilensional frame member shown belov.
Y

FF

•1 X

FRAME MEMBER
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The properties of the member are defined on one cards iase-diany foll~oy ng.he PTkfl operat.oun cad. This second
diaunche theo~ ~ the loviandgd at t tree forma onta.s te foloving

It~e CO t nt sS all area. k
2 H oulIas of.elasticity, E

7

Y

uxJ

vi----------------------/
0-0

OleL., ,/x

yt ,-------C V I jU
Xt Xj

GEOMETRY ANO JOINT OISPLACEMENTS

82 is a 3 x 6 force-displacesent t;ansforaation matrix which
is based on the positive definitiou of the element forces
shown below.

P P
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These forces can be calculated from the following matrix
equation with the 1UP operation.

Uzi

IIV

[MJ [M2) U'
U,.

U I

SLOPI'M1

This operation forms a 4 z h4st iffness patril,fl1 f~r a beam
ol coletn member f;om he classical s1ope- e 2ction equa-
t3onsl The properties of the member are defined on one card
immed atqly following the operation. This second card is
unchen free format and contains the following informa-%ionz

Item Contents
1 oent of inertia, I
modulus of elas ticty, L

3 Length of member, L
The sign convention is defined as follows:

r T
" L

DISPLACEMENTS

FIRES....__ __ _ V2
L~i V2 ----

FORCES DISPLACEMENTS

The member forces are defined n terms of joint displace-
ments by the following slope deflectlon equations.

Mi

VIZ -V=MIM
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PLANE, Il1X2,M3, B4,K1, N2
This oplrat.ion calculates th~e elemgn- stif fness,mas aVdstress-oisplacement transformation matrices for 4 to no e

isoparametric elements (Y-Z plane onlyl. These arrays are
stored ?n low speed storaqe _o be used 1ater by other opera-
tions (i.e., IDDSF and FORCE). The arguments are defined as

M1 ts the user defined n~me of thi element group
M2 :.s the name of the joint coordinate array
M3 is the name of the boundary condition array
M4 4s the name of the array which contains the

material properties of the elements (one row per
different material) where

514(NP,:1 = Mooulus of elasticity, E
M14 NP 2) = Poi ssons ratio V
M4 (NP,3 = Thickness of element
M(4 P,4 = Mass density of the element.

NP is the material identification number.

Ni 4nd N? are the nupbef of integration points in the r and
s directions respectively.
?fne card for eacs 3 to 8 node element in the .goup iust

o low the operation card. The cards are puncned in tree
format and contain the follcwing information:

Item Contents
1 E ement identification number

2 Node number Y1
3 Node number N42
4 Node number N43
5 Node number N4
6 Node number R5
7 Node number N6
8 Node number N7
9 Node number N8

10 Material identification number, NP
11 Natural Coordinate of stress output rl
12 Natural Coordi.nate of stress output si
13 Natural Coordinate of stress output r2
14 Natural Coordinate of stress output s2
15 Natural Coordinate of stress output r3
16 Natural Coordinate of stress output s3

S4 th;ough N8 are otional, but zeros must be inserted for
them if unused. The midside nodes, if present, must be
within the center half of the side. The local numbering
system for the element is shown in the following figure.
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LOADS PH 1,M2, NI
Th*isoperatiQ1. forms a oad m t~ix named B1 f Nl1colmns
(Ni load con itions) where 11 is the name of the bounaary
condition arraylgenerated by the ogeration BOUND. This
operation s followed by a series 9 cards_- one for each
loaded jo nt for each load condition. These cards are
punched in free format as follows:

ItTs Coju~nJon umbei
2 Load conditior number
3 Load in X-direction
4 Load in Y-djrection
5 Load in Z-direction
6 Moment about X-axis
7 Moment about Y-axis
8 Momemt about Z-axis

Thiq series of car 2s Rust be terminated by row of alter-
nating zeroes and blanks.

ADDSF.f1 or ADDSFM1,M2

This operation forms the total stiffness matrix named M1 and
the lumped mass matrix named M2 for the structural system
from the element stiffness and mass matrices whi h are
stored on low speed storage. These matrices can be rinted
with the PRINT operation. If M2 is not specified, he row
mass matrix M2 will nct be formed.

ADD K, M1 , M2, M3,N1

This ope-ati9n adds the %leient stiffness matrix named.M2 to
the toal stlffness matrlx named M1, where M1 was previously
defined and initially set to zero. M3 is the name of the
integer array in which the column number NI contains the rowojecolumntnumbers in the total stiffness matrix where theerlment sffness terms are to be added.

DISPLM1,M2
hs.operation pnints the disl Lceme t vector named M1 in
oint equence orer, where M1 is t e name of the boundary

condition array.
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ME8FRC, I 1, B2,B3,M4, N1
This opeKation multiplies the element stiffness matrix named

t y ete joj4nt Ispacemsn. matrgx named 12. 83 is the
name of the integer array in which the column number NI
contains the row numbers the displacement * trix, H2,
which ore to be multipie ,y the element sti fness (or
fogce-dsplacement) matrix, 81. The results of this multi-
plcation are stored in the array named 34.

FORCE,1,92,L13 or FORCE,M1,82

This oper;tion calculates the member forces for a group of
elements in which

M 1 te name ofemnt group
82 stenameo te lsplaeentu.marx
83 is the name of the matrix in which the forces are

stored in the order calculated.

If3 a nospeclf.ed, teel meat forces will be printed
ol and Wil not e retained in storage. For th TRUSS
element only the member axial force, F, will be calculated
for each member. For the BEAN element, eiqht forces will be
grinted with reference to the positive definition shown in
%he BEAN operation.
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3. Dynamic J.4L1AJ Qperation

The following operations were designed to evaluate

the dynamic response of structures subjected to arbitrary

time-dependent loads. If these operations are used in
connection with the standard matrix operations and the

structural analysis operations, a dynamic analysis is a

relatively simple procedure. The user has the option of
using the mode superposition method or a direct step-by-step
integration of the dynamic equations of motion. The user

may examine the spectra of both input loading and calculated

displacements. In addition, the contributions of the indi-

vidual modes may be evaluated and compared.

The most common and convenient form for time-
dependent data to be specified is as straight line segments

between given time points. Therefore, an operation which

generates values at equal intervals is necessary. Another
common characteristic of time-varying loads on structures is

that it is normally possible to represent the loads at all

points on the structure by the product of two matrices, a
column matrix indicating the spatial distribution of loads

times a row matrix which indicates the values as a function
of various times. If a more complicated loading is

required, it is possible to perform more analyses, each

within the restrictions of the program, then add the results
of each analysis.

The following operations have been added for the
major purpose of perfcrming dynamic analysis.
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InlG. 3i1, 12 , 3112, 1

?ljs operation glueratep a matrix named M2Svhit coltaits
vaLues at equal ntervals oz te function ed n te
array named 31. The array 81 must be a 2 by K array of the
form:

1 = fl ft fS .. f.

which numerically represents a function of the form shown
below:

F (T)

FT

Fj~TFs T3 / ',T

The time interval t is specified in the 1 by 1 matrix named
53. 11 specifies the total number of values to be gener-
ated, and is the number of columns in 52, I 112 _ Qthe
a 2 gill be a 1 x 1,i1 row matrix :n which the fi;st
M11 w ill be f. If 32 is not equal to 0, the array 2 will
be a 2 x 11 satrix of the follow ng form:

[if21 - ti t, + at t, + 2 At *e*1

f, f(t, + At) f(t + 2At) .....
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STEP,81,M2,13,14,E5,M6,7,18, NI, N2

This operation c4lcultes the dypamic re pcnseof a strup-
tural system using direct step-br-step ittegrationa or the
following linear matrix equation or motion:

(NJ(U) + [C](U) + (K](t) = R(t) = P7(t)

Where:-
ie e ts the name o the V x N stiffness matrix K
M2 is the name of the N x V mass matrix I
93 is the name of the V x N damping matrix C
M4 is the name of the N x 3 init ia condition matrix

U in whtch:
U (I,1) is a vector of displacements U
U (1,2) is a vector of velocities U
U (1,3) is a vector of accelerations U

:5 g t. e name of the $ by N2 mat;ix of calculated
,,spl acements in which column i represents the
2splacements at time i*Nl1- t

16 is he name of the N x 1 load distribution matrix

57 is the name of the 1 x k row matrix representing
the load multipliers at equal time increments
T, where k * 12/Ni

I8 ;s the name of the 1 x 1 matrix containing t
Ni is the output interval fqr the displacements
12 is the total number of displacement vectors to

be calculated.

The total time for which ;Vsults will be calcuialld by this
operation is N1N 41 t. This operation must be to lowea with
one data card in free format containing the following infor-
mation:

Item Contents
1 DELTA
2 ALPHA
3 THETA

Different values f delta, akpha and theta will allow the
user to select different methods of step-by-step integra-
tion. The following table lists some possibilities:

DELTA ALPHA THETA
epwmarks Average kcceleratin 1/2 1/4 1.0

Near Acceleration 1/2 1/6 1.0
Wison's Theta Method (low damping) 1/2 1/6 1.42
Wilson's Theta Method (high damping) 1/2 1/6 2.0
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EIGENM1 ,K2,43, N1

This operation solves the following eigenvalue problem:
K (P= M 0A

n whic te N Nos've-s midef 4nit matrix K
Is DaNe mi. .he. ma ric os Iieoa matrix of nonzero,
positive terms desi nated ty 13. he. mat rix M3 must be a
row or column matrix containing only the diaqonal terms of
if. The e genvalues, , are stored in matrix M3. The eigen-
values are ordered in numerically increasing order and the
igenvectors are stored in the cotresponding coluams of

the matrix A2,. The number N1 spec f es the approximate
number of siqnificant figures of the e'genvalues. If Ni is
zero or blank figure aqcuracy will be used. The maximum
accuracy poss~ble is 16 figures. The use of more than 12
figure accuracy is not recommended.

The proqrip reduces the problem to standard eigenvalue form
by tne £o lowing transformation

where

K* =a TK m
I au m

in which
=,= 1/ / T,

The calculated mode shapes, , are normalized as follows:

t T 1 t 
T K 0

The program uses the standard Jacobi diaqonalization method
to solve for all eigenvalues and eigenve cors.
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DYN AN, M,M,5.3, M4,M5. Mf6, NI

This oSeration ealuates the followin set o unould
second brier dfferential equations associated with the 0od
superposition method for the dynamic analysis of a struc-tural system.

i, +2 A,,X , + =P(t) i = 1 to N nodes

MI is the name of a row or column matrix which contains the
N terms (frequencies n rad/sec) . M2 is the name of a row
or column matrix which contains the N terms (ratio of
modal damping to critical damping).

f qeieralized time-varying forces P (T) re not siecified
etl y ut are evaluated from more fundamental n forma-

ton. The forces for all modes are evaluated at specific
times by the program from the following matrix equation:

p = pIf = K3*M4

nwhichr apiecigd $ 1 vector namgdfM3, and s
x ~atri w cb wil be qenerate from the

array named .84. The array M4 is the same form as the input
array described under the operation FUNG. It is not neces-
sary to use FUNG before the DYNAI operation.

Hj is thV name of the N x Ni array which contains the gener-
aized displacement X (t).

J6 is the name of %he I x 1 array WyCh contains the time
ncrement associated with the generalized displacements.

Ni is the number of displacements to be generated.

The method of integration used is exact for straight line
segments.

PLOT, i, Ni

This operatign will prepare a p;inter plot of selective rows
o the matrix named MI. N is the number of rows of M1
which will be plotted by this operation. This operation is
joiloved.by N1 cards in f (lal, 4) format with the followingnormation:

Columns Cnt
Plot symbol - any keypuach symbol

2 - 5 Row number to be plotte
The proqram automaticallv sga ches the informatjq± to be
plott d for the maximum ad minimum values. The di ference
in these numbers divided by 120 spaces is selected as the
plot scale.
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(s. jlj T ansfer qOeLtion_

The purpose of this series of operations is to form

the total conductivity and heat capacity matrices for

systems of two- or three-dimensional elements, to form the
flux vector and solve the defined set of equations. For two

dimensional elements there are 4 to 9 node isoparametric

elements. For three dimensional elements there are 8 to 21

node isoparantric elements.
After the creation of an array containing the coor-

dinates of the system nodes, the specification of element

connectivity, the specification of material properties and

the specification of constant temperature nodes, the conduc-

tivity and capacity matrices and the flux vector are formed.

The equations are solved by the appropriate equation solver

and the temperatures are printed in node order.

The HTXFR operation initializes the problem. The

operation COORD is used to specify or generate nodal coordi-

nates. Element connectivity is specified by the ELCON oper-

ation. Material properties and element boundary conditions

are input via the PROP operation. The CTEMP operation

establishes designated nodes as having constant tempera-

tures. The equation profile for the problem is generated by

the PROF operation.

To form the conductivity matrix, the operation SYMC

is used. The heat capacity matrix can be approximated with
either a consistant (CCAP) or lumped (LCAP) matrix formula-

tion. The flux vector is formed with the FORM operation.

Time independent systems of equations are solved

with the CALC operation. Systems of equations involving the
first derivative of temperature with respect to time are

solved with the ODE series of operations. Nodal temepra-

tures are printed in node number order with the PTEMP opera-
tio n.
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HTX FR

This operation initializes the heat transfer problem.f..he
9olowlng iiormat on, entered in free format must folow

this operat on:

Item Contents1 Number of nodes (NUMNDP)
2 Number of elements (NUNL)
3 Number of ateial sets (NUMLMAT)
4 Spatial dimension (2 or 31 (NDM)
5 Number of unknowns per node (NDF)
6 Maximum number of nodes per element (YEN)

The nmber of unknowns per node will always be I for heattransfer problems.

COO RD

This ojeratiQD cr qates an irray rhich contains the coordi-
nates to; all nodes in a heat transfer system. Data is
entered in free format as follows:

Item Contents
I Node nupber
2 X-coordinate
3 Y-coordinate
4 Z-coordinate (if 3-D, else omit)
5 System type
6 G nerat ion code

System type refers to the coordinate system used when inpqt-
t ng data. All coordinates aLe converted to the cartesian
coordinate system for use by CAL-NPS.

System Type System
0 1 C resiq n

Cyl.ndrical, Z-axis longitudinal
3 Cylindrical: Y-axis longitudinalLI Cylindrical. X-axis longitudinal5 Spherical

The input data is the same as shown ibove with the following
correspondance:

Cartesian Cylindrical Spherical
X r P
y G
Z Z

If the generation code is not zero (0), the next card is a
qeneration vector for automatic node generation. It is in
free format as follows:

Item Contents
1 Node number increment
2 X increment
3 Y increment4 Z increment (if 3-D, else omit)5 Last node number to be generated

This oper tign lust be terminated by a, card with alternating
zeroes analian s.
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ILCON
This oeration ceates an array which contains the eemnt

€osnecti~ty ata for the elements in a heat trans er
system. Data is entered in free format as follows:

Item Clntents
1 2lement number
2 No a I nuner

Node2 numer
Ste etc

1+1 Node I number
5+ aterial~ setonumber

V+i Generation code

If the qeneratiou code is not zero (0), the next car4 is a
generation Vector o the autoaltic generation of element
connectivity. It is entered inrfee format as follows:

Item Contents
1 Element number increment
2 Node 1 #nczeenst
3 Node 2 increment
etc etc
1+1 Node finc=ea int

+2 Rater lset increment (usually 0)
1+3 Last element number to be generated

This operation nst be terminited by a rov of alternatinq
zeroes an bais . The node snumering conventions fog
element connectivity are shown below.

' 7 ... . -.-- --------- 2

AU

2-D Element 3-D Element
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PRO P

This Qperation inputs the materi4l proprty data for~a heat
transfer system. The followinq information, entered in free
format, must follow this operation:

Item Content1 Material set number2 Element type number (2 for 2-D, 3 for 3-D)

Additional information must be rovided de en~ing on the
type of element being used. gote tha maerial property
dat a must be in consisnt 2its as shown below:

h Uni t s $1 Units
k WWlf SI W7
c BTU/lb-OFkJ/kg-C
rho ibm/ft3 k/mk
q,,' BTU/hr-ft3 /M3

2-.D Elemen s

This infqrmation yust follow the PROP operatio card an4 its
two requ.red entries. An entry must be made ior each .tem.
If the item is temperature dependent, the entry will be
ignored.

Item Contentq
1 Conduc-ivity in the X-drection
2 Condu.. iv,.ty in the !-direction
3 S pec fic Heat
4 Density
5 Heat generqtion per unit volume
6 Number of integration points per direction(to 6, default is 4jo)
7 Geometry type (see below)
8 Total number of lines with specified boundary

conditions in elements with $he same material
set numer (NLBC) (see below)

9 Temperature dependence code (see below)

Geometry type is 1 for plane geometry and 2 for axisymmetry.
The temperature dependence 90 de is 0 if all mterial proper-
ties are constant ana 1 if any property is tem erature
evo endent. if the code is 1, the following informaion (in
tfGe format) is required.

Item Content*
1 Conduct:.v.ty n the X-dtrectton code
2 Conductivity in the Y-direction code
3 Heat capacity (specific heat'density) code
4 Heat generated per unit volume code

where 0 means a constant oroperty and I means a tempprature
dependent property. Temperature dependent properties are
entered in the form of a table. The tables are consecu-
tively input for conductivity in the X-direction, conduc-
tivity in the Y-direction heat cavacity and heat generated
er unit volume. Omit tte tables for wich the temperature

code is zero. Tables are input in free format as
shown on the following page.
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Item Contents
1 Nuabe; of data pairs to be entered (This

should be a single card)
2 Temperature 1
3 Propert (These two entries should be onone ca-r Ie
4 Temeratlure 2
5 Proerty 2 (These two entries should be on

one card)
etc etc

Temperature 3
2JO+1 Property I (These two entries should be on

one card)
if n 1 s haea snifi ed gouilary co1Jit on(JNLB >0), a

subjected to more than one boundary condition, a card must
be used for each one of these condizions. The total number
of cards must 03nal ILBC. The information is entered in
free format as Illos:

Item Contents
1 Element number
2 Boundary condition code (see below)
3 Line code (see below
4 Property value (see below)
5 amb e4t te:nerature

The bcandary condition co as are:
1 Flux
2 Convection (constant coefficient)
3 Radiati~n
4 Convection (temperature dependent property)

The line codes are:
1 S a +1 line
-1 S - -1 1ine
2 T -+ I 3A ne
-2 T - -1 line

7-

TI

The property values are:
Flux - Flux per unit area
Convection - onstant heat transfer coefficient

Liqored if temperatuare dependent)
Radiation r Pduct of emissivit y by Sge phan-

Boltzman constant
The !uji ant temperature is ignored for the flux boundary

if the bouindary condition code is is (tea erature dependent
beat transfe coefficient a. table must follow for the
temperatureodependence. ~is in put in free format as is
shown on the flow n q page.
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Item Contents
1 Number cf data pairs to be entered (This

should be a single card)
2 Tea peraturel1
3 Heat transfer coeficient 1 (These two entries

should be on one card)
4 Te perature 2
5 Heat transfer coeficient 2 (These two entries

should be on one card)
etc etc

2 j1Temperaturg N
2i+ Heat transfer coeficient N (These two entries

should be on one card)

3-D Elements

This infgrmtion %ust follow the PROP operation card and its
two requ xea entries. an entry must bg made for ea c t em.
If the item is temperature dependent, the entry will be
ignored. It Conjent s~t

ItE ~Convty 4.n the 1-d.ection
2 Conductivity in the Y-direction
3 Conductivity in the Z-direction
4 Specific Heat
5 Density
6 Heat generation per unit volume
7 Number of integration points per direction

1 to 6, default is (l
8 ~eometry type (see be.ow)
9 Total number of surfaces with specified

boundary conditions in elements with the same
material set numer (NSBC) (see below)

10 Temperature dependence code (see below)

Geometry type is 1 for plane geometry and 2 for axisymmetry.
Tbe temperature dependence 4ode is 0 if all mterial prop r-
ties ae constant and 1 if any property is tem prature
dqpendent. If the code is 1, the following information (in
Lee format) is required.

Item Contents1 Conductivity in the X-drection code
2 Conductiv ty tn the v-d:rectjon code
3 Conductivity in the -direction code
4 Heat capacity (specific heat*dersity) code
5 Heat generated per unit volume code

where 0 means a constant pro erty and 1 means a temperature
dependent pro perty. Temp ?atue d eendent proper ies art.,
entered in the form of a table. Te tables are consecu-
tvely inpat for condpctivity in the X-direction conduc-
tivity in the Y-direction, conductivity in the Z-Airection,
heat capacity and heat generated per unit vclume. Omit the
tables for which the temperature dependence code is zero.
Tables are input in free format as is shown on the following
page.
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Item Contents
1 Number of data pairs to be entered (This

should be a ingle card)2 Temperature I
3 Property 1 (These two entries should be on

one card)
4 Temperature 2
5 Propert (These two entries should be onone carl)

ete etc
2e Temperature I

2*3*1 Property I (These two entries should be on
one card)

If any surfaces have a specified boundary condition
(NSBC>O) ta card must be submieted f r each surface. If ti
sane surace.i subjected tc 2ore than one boundary con -
tion a card must be used for each one of these conditions.
The total nuaber of cards must q ual NSBC. The information
is entered in free format as follows:

Item Contents
1 Ilemnt number
2 Boundary condition code (see below)
3 Surface code (see below)
4 Property value (see below)
5 Ab4.elt temperature

The boundary conuditon codes are:
I Flux
SConveion (constant coefficient)3Radiat ion
4 Convection (temperature dependent property)

The line codes are:
1 R- +1line-1 R - -1 1 ne
2S a +1 1l ne

-2 a -1 2ne
3 T *1l1 n
-3 T I qne

3-..---.d----------2
* I

."I;

The p perty values are;
2x -lux per unit a&;ea

Convection - €onstant, heat transfer coefficient
_ 4iqcored f t mperature deendent)

Radiation - Prouct, eosnssivity by S ephan-
Boltzman constant

The abient temperature is ignored for the flux boundarycondition.

if the boundary condition code is ( (temperature dependent
heat transfe; coefficent), a table aust fol low for the
temperaturedepeidence. t% is input in free format as is
shown on the folow ng page.
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Item Contents
1 Number of data pairs to be entered (This

should be a single card)
2 Teaperature 1
3 Heat transfer coeficient 1 (These two entries

should be on one card)
4 Te perature 2

Heat transfer coeficient 2 (These two entries
should be on one card)

etc etc
2*N Tern erature N

2*N+1 Heat transfer coeficient N (These two entries
should be on one card)

CTE MP

This oeration inputs constant wegperature boundary
restraint data. It ,ayou. have nodes wit constant tempera-
ture, you must enter the temperatu;es for thosenodes. For
nodes with no temperature restrictions no entries should be
made. Automatic generation capability is built into the
operation. Data is entered in free format as follows:

Item Contents
1 Initial node
2 Last node
3 Node increment
4 Temperature

These entries may be repeated until ill the constant temper-
ature nodes are ente;ed. This o pertion must be terminated
by a row of alternating zeroes and blanks.

PROF

This Qperation establishes the profile of the eq ations for
sout on of the heat transfer problem. After 1he issuance
of this command the problem is set and you may not change
the node numbers with restrained boundary conditions
(constant ten peraturesl. The values of the restrained temp-
eratures may be changed.

SYNC
his operation fo;msthe symmetric conductance matrix for

sat transfer problems.

USYMC
This operation forms an unsymmetric conductance matrix.

This operation forms a lumped capacitance approximation
matrix To heat transfer problems.
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CCA P

This operation forms a consistent capacitance approximation
matrix for teat transfer problems.

FORK

This operation forms the flux vector for heat 
transfer prob-

this operation solves ime independent heat transfeV prob-
ems for temperature and updates the temperature matrix.

ODRM1

This oeration solves the firs or er ordinary difierential
equations arising trom time depedendt heat transfer prob
lems. If _i is "IN1T",the in tial conditions are estab-
lishe. . This operation must be followed by the following
data in free format:

Item Contents
1 Integration paramter theta for two point

scheme (default = 2/3)
2 Integration parameter gamma for three point

scheme (default = 1.5)
3 Integration parameter beta for three point

scheme (default = 0.81
4 Maximum temperature difference for time step

adjustment
5 Minimum temperature difference for time step

adjustment
Default values are obtained by entering zeros for items 1, 2
and 3.

if ts "LINE", t e two oint egatioD schete is used.
I s "QUAD", theeopotnt in egration sc eme is used.

Some suggested values for theta for the two-point scheme as
given in Reference 4 are:

C;ank-Nicolson
Zienkiewicz 2/3
Bettencourt 3/8
Liniger .878

Some suggested values for beta and gamma for the three point
scheme as given in Reference 4 are:

Beta Gamma
Lees 1/3 1/2
Hog ge 3/4 1.0
Wqod 646 1.2184
Zienkiewicz 4/5 3/2
Bettencourt 9/10 3/2
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PTE HP

This operation prints the nodal temperatures of a heat
transfer system ?n node number order.

TOL,----

This operation lets thq solution converqence tolerance to
the value found in the 1x1 matrix named MI.

CONV

This operation performs a tempgrature . onvqrgence test on a
eat ttansfer system. If this opera ion is used inside a

loop (LOOP operation) and the test shows convergence,
looping will be terminated.

DTIi, M1

This operation sets the time increment fo; integration in aheat transfer system to the value found in the lx1 matrixNi.

ADTIM

Ihis opertion advances the timet in 1sheattransger roblem
y one time step. The time step isinput wit Re DTIM

operation.

RIG V
This operation computes the dominant e~genvalue anj eigen-
vector of the current heat transfer conauctance matr ix.

PRO MPT

This operation permits the prompts for user ingut to be
suppressed w tho t loss ot other output. A second PROMPT
will restore the prompts unless the print output is
suppressed by the NO command.
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S. Graphc 2

CIL-IPS has a limited graphics, capability for users

with PLOT-10 compatible terminals or IBM 3277 Dual Screen

terminals. Two- or three-dimensional meshes may be viewed

in the I-Y T-Z or I-Z planes.

The graphics operations are initialized with the
GRIPE operation by which the user specifies which graphics
capable terminal is being used. The PLHX operation plots
heat transfer meshes and the PLST operation plots structural

meshes. The user may title the plots using the TITLE opera-

tion.

GRAPH
This operation init aljes the graphig acke. Preseply
there re two teruanals users may ull" 1 -he grapnoperations. .& yes must be in ut mme dately follonq th.s
cad to sign fy that one o$ .he two ypes of ter.nals is
being used. T en the terminal code must be entered in free
format:

Terminal Code Terminal
I PLOT-10 Compatible Terminal
2 IBM 3277 Dual Screen

i PLH!, I
This operalioRplots 2-3. and 3-0 heat transfqr tinallsis
meshes. I- t D, the user may specify the p ane
cf view:

V1 1 : Z-T plane
NI = 2 : !-Z plane
T 1 - 3 is ph n

The default ii t -T lane, hence 11 is not required for
2-0 meshes.
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This oljjotie oa ot 2-0 and 3-D struictgral analysis meshes.N.£ ah n tode o nat* matrix creo.tedo h .D ea
tion. 2s the.ement connectivity maZTx* loalegwIth
tke LOIDI Qpe~ation Te row disension is the number of
eements an the column ins ion is the uaximum number oi
nodes pjr element plus one. 52 contains the following
i-nformaon

o elIo:of nodes in element number K

__ (2K:]I g, od 2etc. etc.

11 sp M681s1he plan of view:
11-1 X- pZY lane

11 Z 1 - aneUl1 - p - lae
If the structure contains two litensional membrane elements
( rAE operation , the con nectivity must follow the conven-
..01n shown belovw:

z S

N,

NNS

N4

H,-I I

TITLE If1
Th~s oper.tion alqws the un;e to input U1 p to threel
.ifteen character lines ta abel plots geneIate wbit e ither

the PLEX or PLST operations. The label $11 a ear in the
upper right hand &rea of the screen outside the Plotting
area. This o era tin must imediat al pr eed the glottin
operation. Th. titI say be changed by reissuing t . TITLE
command. The default value of NI is one.
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6. 1&Q.ing 022rations

CAL-UPS has a five level looping ability. The first

operation is LOOP and the last operation is NEXT.

Operations within CAL-NPS are normally executed as they are

encountered. if the operation requires data, the data cards

follow the operation card. in the case of looping, however,

all operation cards are stored within the computer before

they are executed. if operations within the loop require

data, the data cards must be supplied in the order required

after the last NEXT operation. If an error is encountered

while executing in a loop, the entire matrix of loop

commands is deleted and the user is given the opportunity to

try again. mlatrices that have been modified by operations

successfully completed while in the loop remain modified.

After all loops are executed the computer storage required

for these operations is automatically released by the

program.
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-- - - - -- - - - -- - - - -- - - - --- -- - -- - -- - -

LOOP, Ni

NI i the nupber of times the loo? is to be executed.
Assocl.ated with each LOOP operation there must be a corre-
spondi g NEXT operation which signifies the end of the loop
and the return of the cont'rol to ne beginning of the loop.
The follow lg is a possible series of looping operations.

.OP.. First level loop

executed 5 times
LOOP,2e-, Second level loop

executed twice(total of 10 times)

LOOP. ! 4 Second level loop
"X executed 4 times
-XT *-'(total 20 times)

NEXT

NEXT,Hl or NEXT
The oeratjqn NEXT sig ifies thq end of a 4oop It is
appar nt vhich LOOP ana NEXT cards are assoclatgd if there
are an equal number of each. The operation NEXT,M1 viA l
cause the loop to terminate if the first term in the matrilx
Mi is negative.

SKIPHIH1
This op~ration wilin ca~se the skip og t e next N1 ovrations
2. the irst term tn ne matrix na e M s neguStiv°

7. Us.U RD ned op erations

USERk and USERB

These names are reserved for operations to be defined and
p;ograumed by the user. In order to program these opera-
t ons it is necessary to understand the internal organiza-
tion of CAL-NPS. C apter III of Reference 2 contains the
details.
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B. LARGE PROBLEMS

CAL-UPS is designed as an educational tool. It does not

take advantage of banding and symmetry in matrix storage,

except in the heat transfer operations. Larger problems can

be solved by increasing the dimension of the L array, but a

general purpose program that makes maximum advantage of

out-of-core storage and takes advantage of banding and
symmetry for in-core matrix storage is probably a better

choice. With the above disclaimer, to increase problem size
capability, increase the dimension of the L array and change

the value of MA1 to.the new dimension size in the following:

C-.. MAIN PROGRAM
C----SET PROGRAM CAPACITY

COMMON MTOT,NDP, L(100000)
MTOT 100000
NDP = 2

CALL SETIME

CALL CALl

STOP
END

With the dimension of the L array as above, the program

currently executes in 1024K bytes for CP/CMS. The region

necessary for execution will increase about eight times the

increase in the L array.
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APPEIDIX B

SAMPLE DATA FILE

This is a sample data file (FILE FT04FO01) for the

hollow cylinder with circumferential heating strips problem.

6XS1214
COORD
1 .1666667 5.819103 2 1
11 -. 0013019 0 23
2 .1666667 4.252421 2 1
11 -. 0013019 0 24
3 . 1666667 3.469080 2 1
11 -. 0013019 0 25
4 .1666667 2.909551 2 1
11 -. 0013319 0 26
5 .1666667 2.461928 2 1
11 -. 0013019 0 27
6 .1666667 2.238116 2 1
11 -. 0013019 0 28
7 .1666667 2.014305 2 1
11 -. 0013019 0 29
8 .1666667 1.790493 2 ;
11 -. 0013019 0 30
9 .1666667 1.342870 2 1
11 -. 0013019 0 31
10 .1666667 0.783341 2 1
11 -. 0013019 0 32
11 .1666667 0 2 1
11 -. 0013019 0 33
34 .161458 5.819103 2 1
11 -. 003906 0 56
35 .161458 '4.252421 2 1
11 -. 003906 0 57
36 .161458 3. 469080 2 1
11 -. 003906 0 58
37 .161458 2.909551 2 1
11 -. 003906 0 59
38 .161458 2.461928 2 1
11 -. 003906 0 60
39 .161458 2.238116 2 1
11 -. 003906 0 61
40 .161458 2.014305 2 1
11 -. 003906 0 62
41 .161458 1.790493 2 1
11 -. 003906 0 63
42 .161458 1.342870 2 1
11 -. 003906 0 64
43 .161458 0.783341 2 1
11 -. 003906 0 65
44 .161458 0 2 1
11 -. 003906 0 66
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67 .147135 5. 819103 2 1
11 -. 0110675 0 89
68 .147135 4.252421 2 1
11 -0l10675 0 90
69 .147135 3.469080 2 1
11 :10110675 0 91
70 .147135 2.909551 2 1
11 40110675 0 971 17135 2 461928 2 1
11 -. 0110675 0 93
72 14 7135 2.238116 2 1
11 -. 0110675 0 94
73 .147135 2.01,4305 2 1
11 -0110675 95
74 A4137135 1.390493 2 1
11 -. 0110675 0 96
75 .147135 1.342870 2 1
11 -.0110675 0 97
76 .147135 0.783341 2 1
11 -. 010675 0 98
77.1471 5 02 1
11 -.0110675 0 99
00000000000000 0 00
ELCON
1 12 13 2 1 1 1
1 1 1 1 1 0 10
11 23 24 13 12 1 1
11 11 10 20
21 34 35 21 3 1 1
11 1 1 1 0 30
31 45 46 35 34 1 1
151 7140 45 1 1

11 1 1 1 0 50
51 67 68 57 56 1 1
1 1 1 1 1 0 60
61 78 79 68 67 1 1
11 1110 70
71 89 90179 78 1 1
1 1 1 1 1 0 80
00000 00000000 0
CTE iP
1 6 1 160
89 99 1 60
0 00000000
PRO P
12
.1 .1 .6 70 0
1150
6 2 2 10 60
7 2 2 10 60
8 2 2 18 60
92 2 1 60
10 2 2 10 60
PROF
SYNC
FOR m
CAL C
PT! HP
READ,5
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APPENDIX C

EXAMPLE TERMINAL SESSION

The following terminal session was recorded using the

data file in Appendix B.

CAL
ENTER TERMINAL CODE:

3 PLOT -jt Com a t ible filnal (GRAPHICS)I M 377 DU I S4;RE~EP e ;APfICS)
Any Alpha Numeric Terminal (NO GRAPHICS)

3
IBA 3278 TERMINAL
CP TERMINAL LINESIZE 132
GLOBAL TXTLIB CESLIE FORTMOD2 MOD2EEH NONIMSL IMSLSP
FILEDEF 01 DISK FILE 01 (RECFM VS LRECL 3408 BLKSIZE 3412)
FILEDEF 08 DISK FILE FT08?001 (RECPM FBA LRECL 132 BLKSIZE
FILEDEF 04 DISK
FILEDEF 13 DISK CAL TEST (RECFM FBI LRECL 132 BLKSIZE 132)
FILEDEF 50 DISK HLP CAL C
LOAD CALO CAL FRTCMX GROUPI GROUP2 GROUP3 GROUP4 GR (CLEAR
EXECUTION BEGINS....... - - - -0.0 SECONDS
START
*START

.........-- -- 0.003 SECONDS
PROMPT
**PROMPT

-0.003 SECONDS
READ 4
**R D 4. 0.003 SECONDS

**HTXFR
99 BOWS 1 COLUMNS

1 ROWS 8 COLUMNS
2 ROWS (4 COLUMNS
Is ROWS 1 COLUMNS
1 BOWS 4 COLUMNS
4 ROWS 1 COLUMNS
4 ROWS 4 COLUMNS
7 BOWS 1 COLUMNS

10 BOWS 1 COLUMNS
1 ROWS 99 COLUMNS
2 ROWS 99 COLUMNS
5 ROWS 80 COLUMNS
1 ROWS 99 COLUMNS

99 ROWS 1 COLUMNS
19 ROWS 1 COLUMNS
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NUMBER OF NODAL POINTS = 99
NUMBER OF ELEMENTS = 80
NUMBER OF MATERIAL SETS = 1
DIMENSION OF COORDINATE SPACE= 2
DEGREES OF FREEDOM/NODE = 1
NODES PER ELEMENT (MAIIMUM) = 4

0.003 SECONDS
*tCOORD

NODE NO 0.161 0.01;1 o8i 0.:1
2 0.166 0.012
3 0.166 10
4 0.166 0.008
5 0.167 0.007
6 0.167 0.007
7 0.167 0.006
8 0.167 0.005
9 0.167 0.004

10 0.167 0.002
11 0.167 0.0
12 0.165 0.017
1 0.165 0.012
14 0.165 0.010
15 0.165 0.008
16 0.165 0.007
17 0.165 0.006
18 0.165 0.006
19 0.165 0.005
20 0.165 0.004
21 0.165 0.002
22 0.165 0.0
23 0.163 0.017
24 0.164 0.012
25 0.164 0.010
26 0.164 0.008
27 0.164 0.007
28 0.164 0.006
29 0.164 0.006
30 0.164 0.005
31 0.164 0.004
32 0.164 0.002
33 0.164 0.0
34 0.161 0.016
35 0.161 0.012
36 0.161 0.010
37 0.161 0.008
38 0.161 0.007
39 0.161 0.006
40 0.161 0.006
41 0.161 0.005
42 0.161 0.004
43 0.161 0.002
44 0. 161 0.0
45 0157 0.016
46 0. 157 0:8,2
47 0.157 0010
48 0157 .008
49 8:157 0.007
50 0. 157 0.006
51 0.157 0.006

0.157 0.005
5 0.158 0.004
5 0.158 0: 02

55 0.158080 1 3  0.0 16
0O1 0.81158 0.153 0.009
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59 0.153 0.008
60 0.154 0.007
6115 :6
62: 154 8.85
63 0.154 0.005
64 0.154 0.004
65 0.154 0.002
66 0.154 0.0
67 0.146 0.015
68 0.147 0.011
69 0.147 0.009
70 0.147 0.007
71 0.147 0.006
72 0.147 0.006
73 147 0.00574 8:147 0:885
75 0.147 0.003
76 0.147 0.002
77 0.147 0.0
78 0.135 0.014
79 0.136 0.010
80 0.136 0.008
81 0.136 0.007
82 0.136 0.006
83 0.136 0.005
84 0.136 0.005
85 0.136 0.004
86 0.136 0.003
87 0.136 0.002
88 0.136 0.0
89 0.124 0.013
90 0.125 0.009
91 0.125 0.008
92 0.125 0.006
93 0.125 0.005
94 0.125 0.005
95 0.125 0.004
96 0.125 0.004
97 0.125 0.003
98 0. 125 0.002
99 0.125 0.0-- -- - -- - --- -0.083 SECONIDS

**ELCON5 1 2 3 4 5
1 12 13 2 1 1
2 13 14 3 2 1
3 14 15 4 3 1
4 15 16 5 4 1
5 16 17 6 5 1
6 17 18 7 6 1
7 18 19 8 7 1
8 19 20 9 8 1
9 20 21 10 9 1

10 21 22 11 10 1
11 23 J4 13 12 1
12 24 25 14 13 1
13 25 26 15 14 1
14 26 27 16 15 1
15 27 28 17 16 1
16 28 29 18 17 1
17 29 30 19 18 1
18 30 31 20 19 1
19 31 32 21 20 1
20 32 33 22 21 1
21 34 35 24 23 1
22 35 36 25 24 1
23 36 37 26 25 1
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24 37 38 27 26 1
25 38 39 28 27 1
26 39 40 29 28 1
27 40 41 30 29 1
28 41 42 31 30 1
29 42 43 32 31 1
30 4j 44 33 32 1
31 4 46 35 34 1
32 46 47 36 35 1
33 47 48 37 36 1
4 48 49 38 37 1

5 9 50 39 8 1
36 50 51 40 39 1
37 51 52 41 40 1
38 52 53 42 41 1
39 53 54 43 42 1
40 54 55 44 43 1
41 56 57 46 45 1
42 57 58 47 46 1
43 58 59 48 47 1
44 59 60 49 48 1
45 60 61 50 49 1
46 61 62 51 50 1
47 62 63 52 51 1
48 63 64 53 52 1
49 c 1 65 54 53 1
50 65 66 55 54 1
51 67 68 57 56 1
52 68 69 58 57 1
53 69 70 59 58 1
54 70 71 60 59 1
55 71 72 61 60 1
56 72 73 62 61 1
57 73 74 63 62 1
58 74 75 64 63 1
59 75 76 65 64 1
60 76 77 66 65 1
61 78 79 68 67 1
62 79 80 69 68 1
63 80 81 70 69 1
64 81 82 71 70 1
65 82 83 72 71 1
66 83 84 73 72 1
67 84 85 74 73 1
68 85 86 75 74 1
69 86 87 76 75 1
70 87 88 77 76 1
71 89 90 79 78 1
72 90 91 80 79 1
73 91 92 81 80 1
74 92 93 82 81 1
75 93 94 8 82 1
76 94 95 84 83 1
77 95 96 85 84 1
78 96 97 86 85 1
79 97 98 87 86 1
80 98 99 88 87 1--- 0.037 SECONIDS

**'CTEMP

NODE TEPE
1 1
2 160.00
3 160.00
4 160.00
5 160.00
6 160.00
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NOD E TEMPERATURE
89 6 0.0QUO
90 60.000
91 60.000
92 60.000
93 60.00094 000
95 .000
96 60.000
97 60.000
98 60.00099 60.00099 60.0 0.007 SECONDS

"*PROP

MATERIAL SET 1 FOR ELEMENT TYPE 2

DEGREE OF FREEDOM ASSIGNMENTS LOCAL GLOBAL
NUMBER NUMBER

1 1
HEAT CONDUCTION ELEMENT

CONDUCTIVITY KX = -10Q0000 KY = .1000
SPECIFIC HEAT .6000000
DENSITY 70. 00000
HEAT GENER/UNIT VOL .0

4 GAUSS PTS/DIR
5 LINES WITH SPECIFIED BOUNDARY CONDITIONS

PLANE ANALYSIS
5 ROWS 3 COLUMNS
3 ROWS 9 COLUMNS
5 ROWS 2 COLUMNS

LINE B.C.

ELEJ B. S. LI1E PRO8!ST6gALUE Fj888URE

7 2 2 10.oooo 60.0008
8 2 2 10.00000 60.00000
9 2 2 10.00000 60.00000

10 2 2 10.00000 60.00000
0.027 SECONDS

"PROF82 ROWS 1 COLUMNS
-8------------- 0.017 SECONDS'oSYMC
945 ROWS 1 COLUMNS

---- ---- ---- --- 0.1106 SECONDS
**FORM

FLUX CONVERGENCE TEST
RNMAX a 60.927 RN = 60.927

0.716 SECONDS**CALC
ENERGY (DR*AkDR) = 0.2249177052D+05

---- - ------ 0.030 SECONDS**PTEMP

NODAL TEMPERATURES TIME 0.0

NODE
1 0.14586.03
2 0.16000D+03
3 0.16000D+03
14 0.16000D+03
5 0.16000D+03
6 0.16000D 03
7 0.13970D 03
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8 0.12 99 5D+ 03
9 0. 11974D 03

10 0. 1136 2D+ 03
11 0.11094D 03
12 0. 15581D+03
13 0. 15526D+03
14 .1 5419D+03
15 .15 233D+03
16 0. 1482 1D+03
17 0.114317D+03
18 0. 13992D+03
19 0. 13434D+03
20 0. 1256 8D+03
21 0.11957D+03
22 0.11680D 03
23 0.15163D+03
24 0.1506£4D+03
25 0.14880D+03
26 0.14597D+03
27 0.14199D+03
28 0.13962D+03
29 0.13664D+03
30 0.13384D+03
31 0.12838D+03
32 0.12349D+03
33 0.12104D+03
34 0.14355D+03
35 0. 1421 4D+03
36 0.13999D+03
37 0.13763D+03
38 0.13530D+03
39 0.13400D+03
40 0.13274D+03
41 0.13142D+03
42 0.12897D+03
43 O.12656D+03
44 0.12520D+03
45 0.132570+03
46 0.131480+03
47 0.130160+03
48 0.12898D+03
49 0.12795D+03
50 0.12744D+03

NODAL TEMPERATURES TIME 0.0

NODE TP
51 0.1 693D+03
52 0.12644D+03
53 0.125560+03
54 0. 124730+03
55 0.12427D+03
56 0. 12300D+03
57 0.12244D+03
58 0.121810+03
59 0.121270+03
60 0.12084D+03
61 0.12062D+03
62 : 1204 1D+03
63 8.12021D+03
64 0.11987D+03
65 0.11955D+03
64 .11937D+03

68108750+03
68 0.10862D+03
69 0.10848D+03
70 0.10836D+03
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"71 0 10827D 03
72 0.10823D 03
73 0. 1081 9D 03
74 0.10815D+03
75 O.10808D+03
76 0.10801D 03
77 0.10798D+03
78 0.85162D+02
79 0.85163D+02
80 0.85163D 02
81
82 8: D+
83 0.85163D02
84 0.85163D 02
85 0.8;163D+02
86 0o8 163D+02
87 0.85163D+02
88 0.85163D+02
89 0.60000D 02
90 0.60000D+02
91 0.60000D+02
92 0.60000D 02
938 68808D+0294 8:6oo 0 0D+02

95 0.60000D+02
96 0.60000D 02
97 0.60000D+02
98 0.60000D+02
99 0.60000D 02 0.03 SECONDS

0.003 SECONDS

$to PD**Stop.

R; T-1.80/2.67 12:36:15
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